Abstract In financially and human capacity poor countries, there is an important need to monitor the status of resource rich ecosystems in the face of growing extractive activities in simple and inexpensive ways. In this study we explore the potential of using birds as indicators of ecosystem change in the wetland systems of the North Rupununi, Guyana, where local communities rely heavily on wetland resources for their subsistence activities. This is done by (1) assessing what environmental factors determine bird communities at different spatial and temporal scales; and (2) identifying indicator groups and/or species for ecosystem status. We surveyed 31 wetland sites over 2 years, taking monthly recordings of both the environmental features of waterbodies using a modified version of the River Habitat Survey and bird species counts. Using multivariate analyses, we found that largescale habitat type, namely forest and savanna, and waterbody type, namely pond or main river channel, were the main factors affecting bird species distribution. At the smaller scale, habitat features around the waterbody and seasonality become important factors. We were able to identify lists of bird species associated with different waterbody types, and we present this as a checklist for future monitoring. We hope these findings can be integrated into the adaptive management and sustainable livelihood goals of the local stakeholders through linking monitoring with tourism and local school curriculum activities.
Introduction
Change, as a result of environmental, social, economic and political drivers, is occurring in many natural resource management situations around the world. To understand how natural resource management situations are changing over time involves monitoring i.e. undertaking and analysing regular observations to detect change. This information can then be used to development adaptive management planning for future actions. For most natural systems, it is virtually impossible to have a comprehensive understanding of how the whole system works and behaves, and its consequent state. In an ideal world you would monitor all structures and processes within these systems and then go on to identify typical structures and processes. This is simply not possible within complex natural systems such as tropical wetlands. There are far too many structures and processes operating at a range of spatial and temporal scales to monitor, and these change and adapt with inherent fluctuating environmental conditions. In many cases we are therefore forced to significantly simplify our understanding of these natural systems; appropriate indicators need to be developed which can be used to describe their status.
Some of the considerations of choosing indicators include their ability to interpret key drivers of natural systems and their ''user-friendliness'' (human capacity, logistics and financial resource requirements). In many parts of the world, monitoring is extremely problematic because of these issues (Danielsen et al. 2005 ), yet these are usually places where monitoring is most urgent due to the high dependency of livelihoods on local natural resources and the increasing pressures on these.
One such location is the North Rupununi District in south-west Guyana. The area is comprised of a mosaic of savannas, wetlands and forests, criss-crossed by an intricate network of rivers and creeks. This diversity of habitats supports a huge biodiversity of both terrestrial and aquatic life, and provides a wealth of natural resources for the Makushi and Wapishana peoples that inhabit the area. Currently, approximately 5,000 people live within the 8,000 km 2 of the North Rupununi. The wetland areas in particular are critical for subsistence fishing (60% of local diets is from fish (Mistry et al. 2004) ), and for growing local enterprises such as ecotourism, commercial fishing and the aquarium fish trade. At present, the extent of human activity in the wetlands is similar to historical community use. As such, humans are considered an integral component of these wetland ecosystems, and together they function as a social-ecological system (Berkes and Folke 1998) sustaining each other over time. However, with growing threats of illegal fishing, hunting, logging, mining and oil exploration in the region and limited government capacity to adequately monitor the environmental and social impacts of these activities, the local communities are looking to collect monitoring information on ecosystem status, so as to inform their natural resource and livelihood activities decision-making.
It is within this context that a project funded by the Darwin Initiative (DEFRA, UK Government) was initiated and a range of indicators to monitor wetland change were developed through a UK-Guyana stakeholder collaboration (NRAMP Partnership, unpublished data; note that indicators of community status were also developed but are not discussed here).
Taking into consideration the problems of monitoring in the North Rupununi context, one of the indicators chosen for 'appropriate' monitoring of the wetlands was birds. Birds have been used as bioindicators in a number of other studies (Furness and Greenwood 1993) and have more recently been used as national indicators for sustainable development within the UK (DEFRA (Department of Environment, Forestry and Rural Affairs) 2007). Although there are some problems with monitoring birds (Verner 1985) , they are a useful taxonomic group to monitor as they are often well known, easily recognisable, simpler to locate than many other groups, can be valuable indicators of the state of particular habitats and are also key species for education and public awareness (Bibby et al. 2000) . Birds are sensitive to both direct and indirect environmental influences (Adamus and Brandt 1990) . They can indicate changes in: vegetation extent, pattern and structure (Finch 1991) ; standing water extent, depth, duration and seasonal frequency (Wakeley and Roberts 1994) ; water quality (Hoyer and Canfield 1994) ; and disturbance (Craig and Barclay 1992) . Birds are therefore valuable as ecosystem change indicators because they often respond to cumulative effects of environmental influences on the system (Sekercioglu 2006) . Therefore, within the North Rupununi context, the aims of this study were: (1) to assess which environmental factors determine bird communities at different spatial and temporal scales; and (2) to identify indicator groups and/or species, defined as typical groups and/or species for monitoring ecosystem change.
Methods

Study area
The North Rupununi District is situated in south-west Guyana (04°N05 0 , 59°W02 0 ) and comprises savanna, tropical lowland forest and wetland vegetation types. Mean annual rainfall is between 1,600 and 1,900 mm, peaking during the rainy season months between May and September (Hawkes and Wall 1993) . The waterways respond to this seasonality with water levels rising in the rivers and creeks during the rainy season and flooding the savannas and forest, and then receding during the dry season, leaving isolated waterbodies such as ponds.
Sampling
Criteria for the selection of monitoring sites were developed in collaboration with stakeholders from the local communities, the Iwokrama International Centre and the University of Guyana. Satellite images, resource maps and local knowledge of the area were used to identify potential monitoring sites using the criteria of waterbody hydrogeomophic type (e.g. permanent pond, pond that dries out, river, creek etc.) and habitat type (forest or savanna). The hydrogeomorphic waterbody classification developed for the North Rupununi describes the different combinations of hydrological regime and geomorphic setting found across the region. Hydrology, geomorphology and habitat type are recognised as important determinants of ecosystem functioning and have been used as indicators of ecosystem functioning within functional assessment approaches (Brinson 1993; Maltby et al. 1996; Simpson 2002) . Maintenance of ecological functioning within a system is important in securing overall ecosystem health. Secondary criteria used for site selection included the presence of land use activities in and around the waterbodies and the accessibility of the site. Once a list of potential sites was complied, a 2 week field trip to a total of 47 sites was undertaken. This reconnaissance trip allowed the identification of sites for monitoring, based on whether they fitted the criterion and whether they were actually accessible both in the dry and wet seasons. At the end of the trip, 33 sites were chosen to conduct monthly monitoring activities, but after the first 12 months of monitoring, two sites were dropped after consideration of site representation and logistical difficulties. As such, monthly data was collected for 31 sites between March 2004 and April 2006. To assess what environmental factors determine bird community abundance and distribution at different spatial and temporal scales, a monitoring scheme was required to characterise these variables. A modified version of the River Habitat Survey was adopted (Raven et al. 1998 ). This monitoring approach has been developed in the UK to provide a national survey tool that describes the character and quality of habitats, the modifications affecting them, and has allowed the creation of a database of river habitats so that regular monitoring of the state of river systems can take place. It has provided a system for classifying rivers according to their habitat quality and allowed relationships to be determined between habitat, biological and chemical quality (Raven et al. 1998) . Modified versions of the River Habitat Survey have been used in a number of countries to assess river systems and to assess the relationship of land use change amongst habitats, invertebrates and birds (e.g. Manel et al. 2000) .
For the purposes of this project, the basic form of the River Habitat Survey was maintained but within each section, categories were amended to reflect the different vegetation types, geomorphic setting and hydrological attributes found in the North Rupununi. The River Habitat Survey records over 120 variables describing the channel, flow character, banks and catchment within three main sections (for full methods see Environment Agency 1997). Spot checks were used to record channel and bank material, features, vegetation types and flow type within the channel. For this part of the survey, adjustments were made to some descriptors so that other waterbodies such as lakes and ponds could be assessed. Water depth was recorded in the middle of the waterbody and at the same place every month. As a result of extensive flooding into surrounding vegetation during the wet season, waterbody size could not be ascertained during this period. A 500 m 'sweep-up' assessment was also used to record the predominant habitat features such as surrounding vegetation structure, bank profiles, extent of larger scale channel features and human land use activities.
In addition to the environmental characteristics, species information was also collected. There are a range of different survey methods that can be used to monitor birds such as aerial surveys, flight path observations, nesting/roosting sight observations, transects and point counts. These methods, and when to use them, are discussed in detail in Bibby et al. (2000) . For the purposes of this project, the transect method and point count methods which rely on the visual and hearing senses of the observer/s, were employed. All monitoring surveys were carried out by trained and experienced field workers and local community members who have an intimate knowledge of the species found in their environment. The bird surveys were conducted over 1 day a month between 06:00-08:00 h and 16:00-18:00 h, and the species and number of individuals present at the waterbody were recorded. Flying birds were excluded unless they were obviously hunting or feeding. Within river geomorphic types, 2 km transects were undertaken using a boat at low speed. Within basin geomorphic types, observations were made from a set of points along the perimeter of the waterbodies.
Data analysis
All monitoring data were entered into a Microsoft Access database. For each survey visit bird data was collected at sunrise and sunset, so two datasets were entered. Correlation analysis was used to test for daytime effects by examining the relationships between the relative abundance of different bird species by daytime. We found no significant daytime effects, therefore the data were pooled for further analyses. In addition, species and environmental variables observed on \5% (\30 occurrences) of the sites were made supplementary, having no influence on further analyses. The matrices of data were (a) the environmental matrix-values for each River Habitat Survey variable per month per site, and (b) the bird matrix-abundance of individual bird species per month per site. The characteristics of each monitoring site are shown in Table 1 .
To understand what factors are determining the variation in bird communities in the North Rupununi wetlands, and to help identify indicators, a series of ordination analyses were carried out. A multivariate statistical software package CANOCO 4 (ter Braak and Smilauer 1998) was used with the environmental and bird matrices. In all cases, log transformation was applied to the bird matrix to account for the multiplicative variation in bird abundances. All other default commands were used. Ordination analyses were carried in four steps. Since there were a large number of environmental variables measured through the River Habitat Survey method, and many of these would be autocorrelated, the first step in the analysis involved taking a ''commonsense'' approach to sorting out the correlations between the environmental variables, so as to choose a much more limited subset of environmental variables a priori. To judge the correlations among the variables, the environmental matrix was subject to Principal Component Analysis (PCA) with centring and standardisation to correspond to a ''PCA on a matrix of correlations (between variables)'' (Lepš and Š milauer 2003; Petr Š milauer, personal communication, 2006) . The correlation matrix from the PCA results was then subject to hierarchical clustering using the average linkage clustering, with the original ''r'' values being replaced with the square root of 1 -r * r (Petr Š milauer pers. com., 2006). Then using a combination of prior knowledge of variables, the exploratory PCA axes scores and the groups identified by the clustering, a subset of variables was selected (see Table 2 ). The excluded autocorrelated variables included all human land use activities, as these activities are infrequent and spread over a wide area, and the analysis indicates they currently have an insignificant impact on bird species distribution and abundance.
Following the identification of the main environmental variables, Detrended Correspondence Analysis (DCA) and Canonical Correspondence Analysis (CCA) (Kent and Coker 1992) were used to investigate the relationships between the bird species variation and the environmental variable data. The DCA analysis involved all the monitoring The variables shown in italics are the main determining variables on axes 1 and 2 sites-results from the first axis then determined sub-groups of monitoring sites for further DCA analysis. The TWINSPAN classification method (Two Way Indicator Species Analysis-software program is of same name) (Kent and Coker 1992) was then used at the sub-group level to identify bird groupings and indicator species. The pseudospecies cut levels 0, 1, 10, 100 and 1,000 were used to correspond to a logarithmic transformation as the abundance of differed bird species sometimes different by several orders of magnitude. All other default commands were used.
Results
During our sampling we counted 45,567 bird individuals of 214 different species, including four species, the Great Blue Heron (Ardea herodias), Orange-chinned Parakeet (Brotogeris jugularis), Powerful Woodpecker (Campephilus pollens) and Red-capped Cardinal (Paroaria gularis), currently not found in the Guyana Bird Checklist (Braun et al. 2000) ( Table 3) .
PCA of environmental variables
The PCA axes indicated that on the first axis the main habitat type was the controlling factor, with flooded savanna at one end of the axis and forest at the other. This is supported by the cluster analysis which also differentiated the first division with savanna and forest. Axis 2 of the PCA seemed to represent the waterbody type, with ponds at one end of the axis and the main river channel at the other (and other waterbody types grouped together in the centre of the axis). However, the cluster analysis showed that in the second and third divisions, ponds that dry out, permanent ponds and the main river channel are the distinctive waterbody types, appearing in separate groups to the others.
DCA and CCA of all bird species and main environmental variables Using the main controlling environmental variables highlighted in italics in Table 2 , a DCA ordination was carried out on the bird species data (the length of the longest axis provides an estimate of the beta diversity in the dataset and the value of 5.4 suggests that the use of unimodal ordination methods is appropriate here). In this analysis, the environmental data does not influence the species and sample ordination, but is projected on to the ordination diagram.
The results indicated that the first axis represented a significant proportion of variation, with an eigenvalue of 0.598, whereas the second and third axes explained significantly less, with eigenvalues 0.260 and 0.204, respectively. The projection of the environmental variables revealed that the first axis was negatively correlated with flooded forest and nonflooded forest and positively correlated with flooded savanna (Fig. 1) . Inspection of the general distribution of the samples and species supports this interpretation-samples from forest sites, including A7, A8 and D1 for example, were found on the left hand side of the first axis, whereas samples from D7, D8 and D9 savanna sites were found on the right hand side of the axis (Fig. 2) ; similarly lowland rainforest species such as the Band-rumped Swift, Crimson Topaz, Black-necked Aracari, Black-headed Parrot and the Plumbeous Pigeon were found on the left hand side of axis 1 whereas typical flooded savanna/scrub The Monte Carlo permutation test of the CCA on the same dataset indicated that both the test on the first axis and the test on all axes (on the trace) were highly significant (P = 0.002 with 499 permutations), although the F value was much higher for the test on the first axis (F = 31.752) than for the test on the trace (F = 9.159). The significance of the second axis was tested by using the axis 1 sample scores as a covariable and carrying out another CCA. The result indicated that the second axis was also significant (F = 21.299, P = 0.002). Forward selection was used to build a simpler model of the environmental variables and understand the relative importance of each. The conditional effects indicated that the flooded savanna, ponds that dry out, flooded forest and main river channel variables (F = 22.66-8.60, P = 0.002) were the most important.
Levels 1-3 sub-divisions of the monitoring sites
The results of the first analysis indicated that there were distinct savanna and forest assemblages of birds, and an intermediate mixed group. Therefore using the axis 1 CCA scores, the sites were divided up into three groups for further analysis: flooded savanna group-sites B7, D4, D5, D6, D7, D8, D9; flooded forest group-sites A1, A2, A3, A4, A5, A7, A8, A9, C3, C5, C6, D1; and Intermediate group-sites B1, B2, B3, B4, B5, B6, B8, B9, C1, C4, D2, D3. For each of these groups, a DCA using only the waterbody types as the environmental variables was carried out. This second stage of the analysis identified distinct sub-groups on the first axis associated with waterbody type, namely ponds and main river channel waterbodies (Table 4) ; these were then used for further DCA and classification analyses using all the environmental variables (excluding vegetation and waterbody type) to identify local factors determining bird species in the waterbody types (Table 5 ). This third stage of the analysis showed that within flooded savanna, further sub-divisions of the sites according to local habitat conditions can be made for the ponds that dry out, and wet/dry season sub-divisions for the main river channel waterbodies. In the flooded forest, the main river channel waterbodies can be further sub-divided according to local habitat characteristics, as can the forest ponds that dry out and permanent ponds. Table 5 also gives the common bird groups associated with each level three sub-group and associated species identified through the classification analyses. Note for indicator species, it is the presence of a species that is indicative (TWINSPAN pseudospecies 1), except for those species in italics which are also indicators by having larger numbers of individuals (TWINSPAN pseudospecies 2-4)
Discussion
Environmental determinants of bird communities in the North Rupununi
At the regional scale, this study shows that habitat determines the composition of avifauna in the North Rupununi wetlands. The macro-scale vegetation, in terms of whether the wetland is situated within flooded savanna or flooded forest, is the overriding factor influencing bird communities. Within flooded savanna habitats, birds are determined by the geomorphic characteristics of the waterbody and can be divided into bird communities of ponds and those of main river channel and associated waterbodies. Within these two geomorphic divisions, bird communities are further influenced by local habitat characteristics of ponds, such as presence of trees around the pond, and seasonality for the main river channel and associated waterbodies. Within flooded forest habitats, birds are again influenced by the geomorphic characteristics of the waterbody and can be divided into bird communities of ponds and those of main river channel and associated waterbodies. However, unlike the flooded savanna habitats, seasonality does not seem to have a large influence at the local level in flooded forest habitats-the local habitat characteristics are the most important factors influencing bird communities both within ponds and main river channel waterbodies. Spatial variability of environmental determinants therefore seems to be important for predicting bird species composition (Bohning-Gaese 1997), over and above the importance of temporal variability. The importance of habitat type for bird communities of the North Rupununi wetlands is in line with various other recent tropical avifaunal studies (Davidar et al. 2001; Gillespie and Walter 2001; Kessler et al. 2001; Waltert et al. 2005; Rompré et al. 2007 ). In particular, characteristics of floristic diversity, composition and structure have been associated with tropical bird species richness and composition (e.g. Terborgh 1985; Freifeld 1999) . Within the North Rupununi, there are major compositional and structural differences between flooded savanna and flooded forest vegetation and these are undoubtedly affecting the bird species present in those two habitats. At this scale, habitat structure is probably key for bird communities (Terborgh 1985) , and a strong association between bird species composition and the development of a closed canopy and more complex habitat structure has been documented in regenerating forests (e.g. Bowman et al. 1990; Blankespoor 1991; Andrade and Rubio-Torgler 1994; Dunn 2004) . At the local scale, Table 5 shows that particular habitat features in and around waterbodies are determining the bird communities. For example, within flooded savanna ponds, the complexity of vegetation structure around the ponds, such as extent of trees and shrubs and presence of climbers, seems to be critical to the bird communities. On the other hand, within flooded forest ponds and main river channel waterbodies, the floristic composition of the surrounding vegetation identified by the dominant tree species, seems to be significant.
In this strongly seasonal environment, we expected a large difference in bird communities between the dry and wet seasons to be apparent at the scales analysed. However, seasonality only seemed to have an influence at the local scale (third level of analysis) and only in flooded savanna main river channel and associated waterbodies. This would suggest that within flooded savanna areas, the habitats surrounding and within the main river channel and associated waterbodies are relatively homogenous, and thereby seasonality becomes influential to bird communities. That is not to say that seasonality is insignificant to birds in flooded savanna ponds, flooded forest ponds and main river channel waterbodies. However, in these sites, bird communities are affected much more by differences in habitat resources than annual temporal resource fluctuations.
Birds as indicators of wetland status and change
The Rupununi wetland landscape is a complex patchwork of interrelated elements, with variation relating to predominant vegetation, waterbody geomorphic characters, flooding regime, topographic situation and geographical location. With numerous variables working at the same time, it is difficult to decipher clear cause and effect of the environmental variables and the relative importance of each. In addition, there are few published data on the resources critical to bird assemblages in Guyana, so our discussion is supported by local stakeholder knowledge and somewhat speculative. The results of the study indicate that the bird communities found in the North Rupununi wetlands are closely tied to the local habitats in which they forage, roost and nest, in particular the vegetation characteristics of those habitats. This implies that they are potentially good indicators of overall vegetation composition and structure and whether this vegetation is supporting food webs to the bird trophic level.
Savanna ponds that dry out
One of the key habitat features influencing bird communities in ponds that dry out is the extent to which the ponds are surrounded by trees. Ponds that are characterised by having continuous and structurally diverse vegetation, for example with climbers and tall grasses, are ideal for parrots, tyrant flycatchers and tanagers (Type 1) providing food and nesting resources. Key species such as the Orange-winged Parrot (Amazona amazonica), and the Brown-throated Parakeet (Aratinga pertinax) feed on the fruits and seeds of many different types of native trees and bushes and generally nest in tree holes or palm stub cavities (Hilty 2003) .
With a reduction in tree cover around the waterbody, and an increase in shrubs and/or grassy vegetation, the new world blackbirds become more dominant within the bird communities (Types 2 and 3) probably feeding on the seeds and insects of grasses. Within these more open areas, the Red-bellied Macaw (Orthopsittaca manilata) is found to be associated with ponds that dry out surrounded by palms of Mauritia flexuosa. The Redbellied Macaw is closely associated with this palm species as it feeds on its seeds, uses the palm for roosting and whose cavities are used for nest sites and breeding.
Many species, primarily waterfowl and shorebirds, benefit from (or tolerate) reduced ground cover and increased openings in dense stands of vegetation. The classification analyses identify the White-faced Whistling Duck (Dendrocygna viduata) as being associated with the more open Type 3 pond; it feeds mainly on terrestrial, aquatic and semiaquatic plant seeds in the dry season with occasional consumption of macroinvertebrates (Petrie 2005) .
The Great Egret (Ardea alba) and Limpkin (Aramus guarauna) are probably better indicators of ponds that dry out with a large extent of grassy surroundings. These marshy areas have a regular supply of macroinvertebrate food resources for these birds-the Limpkin in particular eats mostly large Pomacea snails. The Bicolored Wren (Campylorhynchus griseus), also associated with savanna ponds that dry out, relies on seeds and insects, and particularly favours palms.
Savanna main river channel and associated waterbodies
Birds are affected both directly and indirectly by hydrologic changes. Species that are likely to be the most sensitive indicators of water levels might be those that (a) nest along water edges, (b) feed on mudflats (e.g., shorebirds), (c) require a particular combination of wetland hydroperiod types in a region (e.g. Kantrud and Stewart 1984) .
In the savanna main river channel and associated waterbodies, the Greater Ani (Crotophaga major) is probably a good wet season indicator. It tends to nest along river water edges and is a migrant during the rainy season. In the dry season within savanna rivers, storks, terns, skimmers, plovers and swallows are common bird groups. However, the classification analyses show that higher numbers of the Black Vulture (Coragyps atratus) and Osprey (Pandion haliaetus) are indicators of dry season in these waterbodies. Black Vulture numbers are thought to increase because they are attracted to debris left by fisherman that clean and smoke fish on the exposed sand banks within the river. Although some Ospreys are resident all year round in Guyana the numbers increase during the dry season as individuals migrate from North America. Rusty-margined Flycatcher (Myiozetetes cayanensis), is a species typically found along river edges where trees are present. Although this species is more strongly associated with the dry season it is unclear to the reason why. It is thought that this species migrates within the region, as numbers fluctuate locally, but its migration patterns have yet to be determined (Hilty 2003) .
Forest main river channel and associated waterbodies
Within flooded forest, three types of main river channel and associated waterbody types were identified from the analyses. The classification analyses show that parrots, barbets/ toucans and swallows are common bird groups of forest river areas dominated by trees of Inga spp., Eperua spp. and Mora excelsa. Indicator species are higher numbers of the White-winged Swallow (Tachycineta albiventer) and White-banded Swallow (Atticora fasciata). These species both feed over water and are seldom found far from river waterbodies. They use branches over water to perch and nest in river banks or dead trees.
Within areas of forest dominated by trees of Eperua spp. and Mauritia flexuosa, with a sandy bottom substrate, there are still many parrots, and barbets/toucans, but in these habitats kingfishers and terns/skimmers are also prevalent. The indicator species for these areas is the Large-billed Tern (Phaetusa simplex), which probably needs river sandbars for roosting and resting.
The final forest river and associated waterbody type is one characterised by the presence of Victoria amazonica, floating vegetation, water hyacinth and a clay bottom substrate. Common bird groups in these waterbodies include storks, herons and ducks. The indicator species are higher numbers of the Wattled Jacana (Jacana jacana), and Anhinga (Anhinga anhinga) and the Black-collared Hawk (Busarellus nigricollis). The Wattled Jacana is closely associated with vegetation-choked shorelines and forages by walking across vegetation and pecking for insects. Anhinga is also known to be common along sluggish waterways-the Black-collared Hawk is also common in waterbodies with sluggish water especially with emergent or floating vegetation.
Forest ponds that dry out and permanent ponds
Parrots and barbets/toucans are again common bird groups in forest ponds that dry out. These sites are characterised by having an extent of fallen trees and coarse woody debris around the waterbody, Mora excelsa and climbers dominating the bank vegetation. The indicator species is the Mealy Parrot (Amazona farinosa) which feeds on a wide range of fruits, seeds and flowers, mostly of large canopy trees. In the forest permanent ponds, characterised by Genipa americana and Mauritia flexuosa around the waterbody, emergent waterbody vegetation and a stable earth bank, a diverse range of bird groups are present including terns/skimmers, plovers, herons, kingfishers and New World blackbirds. Indicator species include the Pale-vented Pigeon (Columbo cayennensis), Striated Heron (Butorides striatus) and Great Kiskadee (Pitangus sulphuratus). The Pale-vented Pigeon may be feeding on seeds and small fruits of Byrsonima, Solanum, Trema and Melastome berries. The Striated Heron prefers muddy waterbodies and fishes from dead trees lying in the water. Although the Great Kiskadee is often found around habitation, within forested areas it is more commonly found around still water (Hilty 2003) .
A wetland monitoring checklist for the North Rupununi
The appearance of some indicator species within different waterbody types and the overlap in common bird groups between waterbody types suggests that many birds are using a range of habitats for their resource needs. This, together with the limited ecological knowledge of many of the birds found in this study, has meant that it is not possible to identify particular bird species as indicators. Roberts et al. (2007) have also recently shown that simple species lists can potentially generate useful data for monitoring long-term trends. Therefore, a checklist of the 'typical' bird species assemblage of different waterbody types is probably the best approach for practical monitoring of wetland status in our case. Within the North Rupununi, we have developed a checklist of 'typical' bird species for different waterbody types as one of a suite of indicators of overall wetland status (Table 6 ) (other indicators include wetland biophysical characteristics and Black Caiman (Melanosuchus niger) populations).
Impacts from human activities (both direct and indirect e.g. climate change) are limited at present due to extremely low human population densities (0.63 individuals per km 2 ) and an absence of large-scale, commercial human activities, so species numbers from the particular waterbody type checklist, provide a useful baseline. The assumption we make is that if current species numbers are maintained within a specific waterbody then the bird species indicator suggests that particular ecosystem processes and/or habitats have not been compromised. We can envisage that the bird indicators will be useful for identifying external disturbances such as mining or logging, which would directly affect habitat features in and around waterbodies, Other potential human activities, such as over-fishing and pollution, may not result in wholesale change to bird distribution and abundance but instead affect specific bird groups such as pscivores.
The role of birds in natural resource management and sustainable livelihoods in the North Rupununi wetlands
The most important result of this study is that the North Rupununi wetlands are highly diverse, both in terms of the different types of waterbodies as well as bird species. Particular characteristics of the waterbody including the vegetation in and around the waterbody, as well as bank material, make them unique, and the bird assemblages are probably dependent at different times and in various cycles on this assortment of environments. This suggests that to support species diversity and local livelihoods, enough land must be set aside to allow for redundancy in waterbody types so that if one type is lost, others with similar characteristics would be able to maintain the same species assemblage. Interannual fluctuations in bird numbers are likely to be smaller in landscapes containing (Skagen and Knopf 1994) . In other words, damaging any single waterbody without the availability of alternative waterbodies with identical conditions may result in the longterm loss of distinct and unique bird species communities. The North Rupununi is diverse not only in terms of its ecosystems and habitats, but also in the interests of various local, national and international stakeholders. Although the high biodiversity of the region is recognised-for example the Guyanese government has chosen the Rupununi wetlands as one of two proposed sites for accession to the RAMSAR Convention-there are also local, national and foreign bids for large-scale exploitation of natural resources in the region, particularly timber, minerals and oil, which all threaten the integrity of the wetlands and local subsistence livelihoods. At the same time, there are few resources, a lack of infrastructure and a low capacity within the country to undertake comprehensive monitoring programmes. Within this context, it has been recognised as vitally important by both government and local communities to develop a set of indicators of ecosystem change that can contribute to natural resource and adaptive management decision-making at various scales. For example, assessments of the impact of activities such as mining, local community developments such as fisheries or ecotourism and Environmental Impact Assessments for proposed industrial and forestry developments using the wetland indicators (including the bird checklist) are currently being promoted in Guyana.
In a region like the North Rupununi where government resources to undertake any form of monitoring are limited, it has fallen to local communities to act. However, even at this local level, resources and capacity are limited, so finding ways of integrating monitoring with livelihood activities has a greater probability of being sustainable in the long term. Many of the local communities have started or are developing plans for ecotourism activities in the region. Although many tourists come to see the El Dorado 'giants', for example the Black Caiman (Melanosuchus niger), Giant Otter (Pteronura brasiliensis) and Giant River Turtle (Podocnemis expansa), bird watchers are probably the single largest group of tourists currently visiting the North Rupununi and have been recently highlighted by the Guyanese Tourism Authority for future investment (Vanda Radzik, personal communication, 2007) . Collecting regular data on bird species by bird watchers using the checklist could help to feed into resources for tourists, such as bird lists, sightings and distributions, as well as provide vital information on ecosystem status. Birds can also play a key role in education and awareness raising. Incorporating bird monitoring into national school science curriculum activities is a way of building the capacity of local school children for future adaptive management, while at the same time providing basic information on the status of bird species. These are some of the activities currently being developed by the Darwin Wetlands Project in Guyana. It is hoped that by linking community monitoring of indicator bird species with livelihood activities and education, regular information regarding the status of the North Rupununi system can be collected and potential negative impacts identified at an early stage, to ensure the long-term sustainability of the region.
Agency and the University of Guyana for institutional support. This work was funded by the Darwin Initiative, DEFRA, UK Government.
